discomfort may contribute to that risk. Thus, we sought to answer the question of whether lack of chest pain was associated with the higher mortality observed in younger women with MI.
Women are generally older than men at hospitalization for MI. It is plausible that women's older age at presentation is related to whether they present with chest pain, as well as subsequent hospital mortality. However, a limited number of studies have taken age into account in examining sex differences in MI clinical presentation. 4 This analysis from a large and clinically rich NRMI database aims to examine the relationship among patients hospitalized with MI between sex and symptom presentation (primary objective) and sex, symptom presentation, and hospital mortality (secondary objective), after accounting for age.
METHODS

Patient Population and Data Collection
The NRMI is an industry-sponsored national registry, the largest of its kind in the world, collecting, analyzing, and reporting hospital data on 2 160 671 patients admitted with confirmed MI at 1977 participating hospitals from 1994-2006. Because the NRMI was a quality improvement initiative and patient information was deidentified, it was exempt from the requirement of institutional review board approval of data collection unless required by the local hospital.
In the NRMI, the diagnosis of acute MI was based on a clinical presentation (ischemic symptoms) consistent with acute MI and was determined by trained health care providers at each local hospital. This primarily involved an International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code of 410.X1 or supporting evidence of MI, to include elevated cardiac biomarker level, electrocardiographic evidence of acute MI, or alternative enzymatic, nuclear cardiac imaging, or autopsy evidence indica-tive of acute MI. No independent onsite validation of acute MI was performed, although case ascertainment and clinical data were previously validated by comparison with the Medicare cohort of the NRMI and Medicare Cooperative Cardiovascular Project, the latter of which used detailed hospital record review. 5 All transferred patients were excluded from the present analyses because of incomplete reporting at initial hospital or subsequent outcome. Also excluded were patients with missing information on sex, age, or symptom presentation and patients with a secondary diagnosis of MI.
Study Variables
Among patients presenting with acute MI, the only symptom recorded was presence/absence of chest pain/ discomfort. Chest pain/discomfort was defined as any symptom of chest discomfort, sensation or pressure, or tightness; or arm, neck, or jaw pain occurring before hospital arrival or preceding a diagnosis of acute MI. The chest pain/ discomfort variable was classified as present or absent before admission, during admission, or both and may have included (but was not limited to) patients presenting with shortness of breath, nausea/vomiting, palpitations, syncope, or cardiac arrest. However, in the absence of chest pain/discomfort, the specific symptom (other than chest pain/discomfort) was not abstracted from the medical record. In addition to sex and age, information on race/ ethnicity and payer status was also collected. Race/ethnicity was determined by chart review of the admission profile and medical record by trained abstractors.
Statistical Methods
The descriptive results were displayed by the presence or absence of chest pain/discomfort, sex, and age dichotomized at 65 years. Differences between study groups were assessed by 2 test for categorical variables, the t test for continuous variables, and the nonparametric Wilcoxon rank sum test for median comparisons. Age-specific analyses and multivariable adjusted regression models were developed to assess the factors associated with MI presentation without chest pain/discomfort. The overall population and 5 age intervals were examined: younger than 45 years, 45 to 54 years, 55 to 64 years, 65 to 74 years, and 75 years or older. Preexisting variables that may have preceded the development of presenting symptoms, including other baseline characteristics, cardiovascular risk factors, medical history, and cardiac history, were adjusted for in each model and are listed in TABLE 1.
We calculated the odds ratio (OR) for MI presentation without chest pain/ discomfort in each age stratum for women compared with men (reference group). A 2-way interaction term was calculated between sex and age. Sensitivity analyses were performed by restricting the analysis to ST-segment elevation myocardial infarction (STEMI) cohort and by excluding patients who died within 24 hours and 48 hours.
Similarly, age-specific multivariable logistic regression models were used to assess sex differences in hospital mortality. Multivariable adjusted hospital case-fatality rates were determined within 5 age intervals. To assess the interaction of sex and symptom presentation, the following 4 dummy variables were created: men who presented without chest pain/ discomfort, women who presented without chest pain/discomfort, women who presented with chest pain/discomfort, and men who presented with chest pain/discomfort (reference group). Variables were entered into a stepwise model that included comorbidities and clinical characteristics, prehospital delay, hospital characteristics (Table 1 and  TABLE 2), medications and invasive  procedures (TABLE 3) , and the year the patient was enrolled in the study (to account for temporal trends in care and definition of MI). Two-tailed tests were used and P Յ .001 was Abbreviations: BBB, bundle-branch block; CABG, coronary artery bypass graft; CAD, coronary artery disease; HMO, health maintenance organization; IQR, interquartile range; MI, myocardial infarction; NRMI, National Registry of Myocardial Infarction; PCI, percutaneous coronary intervention; PPO, preferred provider organization; STEMI, ST-segment elevation myocardial infarction.
considered to be statistically significant. All statistical analyses were conducted with SAS version 9.13. Table 1 and Table 2 show the baseline, presenting, and hospital characteristics of the study patients, further stratified by the presence/absence of chest pain/discomfort and by sex and age; these characteristics were used in our multivariable models to probe potential explanations for sex differ-ences in chest pain presentation and mortality. Myocardial infarction patients without chest pain/discomfort were more likely to have diabetes and delay hospital arrival, irrespective of age or sex, and were more likely to present with Killip classification III and IV. Myocardial infarction patients with chest pain/discomfort were more likely to present with STEMI and anterior MI, and those without chest pain/ discomfort were more likely to present with non-STEMI, irrespective of age and sex.
RESULTS
Study
Processes of Care and Treatments
Myocardial infarction patients without chest pain/discomfort were less likely to receive any acute reperfusion therapies such as fibrinolytic therapies or primary percutaneous coronary intervention and were significantly less likely to receive these lifesaving therapies in a timely manner compared with the MI cohort with chest pain/discomfort (P Ͻ .001) ( Table 3 ). In addition, this same cohort was less likely to receive aspirin, other antiplatelet agents, heparin, and ␤-blocker therapies during hospitalization, which was especially evident in the older cohort (Ͼ65 years). Myocardial infarction patients with chest pain/ discomfort were more likely to receive cardiac catheterization and any percutaneous coronary intervention, which was especially evident among men and women younger than 65 years. However, coronary artery bypass graft surgery was more likely to be performed in men with chest pain/ discomfort regardless of age or men without chest pain/discomfort who were younger than 65 years. Analysis of the medications and invasive procedures by MI type (STEMI and non-STEMI) did not yield any additional insights to that observed in the overall study population further stratified according to age and sex.
Sex Differences in MI Presentation Without Chest Pain/Discomfort
The overall proportion of MI patients who presented without chest pain/ discomfort was 35.4% (95% CI, 35.4%-35.5%) and was significantly higher for women than men (42.0% vs 30.7%; 95% CI, 41.8%-42.1% vs 30.6%-30.8%; P Ͻ .001). Age-specific and multivariable analyses indicated a significant interaction between age and sex such that sex-specific differences in MI presentation without chest discomfort became progres-sively smaller with advancing age (FIGURE). Separate models were performed within each age stratum to calculate the age-stratum-specific OR of women vs men, which resulted in the following: younger than 45 years, Sensitivity analyses were performed to examine the potential influence of several factors pertinent to our results: the introduction of troponin assays in the registry by restricting the analysis to the STEMI cohort who would not be directly affected by this change in MI definition, and possible bias caused by earlier deaths (such as cardiac arrest) and potential for incomplete symptom characterization in this group by excluding individuals who died within 24 hours and 48 hours. In each case, the results from the sensitivity analyses on symptom presentation did not change materially, and the adjusted sex-specific differences in MI presentation without chest discomfort were evident and became progressively smaller with advancing age (TABLES 4 and 5).
Adjusted Hospital Case-Fatality Rates by Chest Pain/Discomfort on Presentation, Age, and Sex
The in-hospital mortality rate was 14.6% for women and 10.3% for men. In the fully adjusted models, younger women presenting without chest pain/ discomfort had greater hospital casefatality rates than men, a trend that reversed with increasing age (TABLE 6) . This may be more clearly depicted in examination of the fully adjusted model when the reference groupismen without chest pain. However, younger women presenting with chest pain/ discomfort had a greater hospital casefatality rate than men with chest pain/ discomfort in the same age group, but differences in hospital death rates between men and women decreased with advancing age (no longer significant in the oldest group). The 3-way interaction (sex, age, and chest pain) on mortality was significant (PϽ.001). These data suggest that the absence of chest pain may be a more important predictor of death in younger women with MI compared with other similarly aged groups.
In the stepwise modeling, adjustment for comorbidity and clinical characteristics clearly accounted for the majority of excess mortality in younger women and younger men without chest pain/discomfort. Further adjustments for patient delay or hospital characteristics had little influence on sex-specific mortality differences by age. In contrast, adjustment for treatments (initial medications within 24 hours and invasive cardiac procedures) accounted for a modest excess of mortality in the MI cohort without chest pain/discomfort, which was most evident among women younger than 55 years.
COMMENT
To our knowledge, this analysis represents the largest study to date examining the relationship of age and sex to the presence or absence of chest pain/discomfort at admission for MI and index hospital survival. Overall, women with MI were more likely than men to present without chest pain/discomfort. Adjusted sex differences in presentation without chest pain/discomfort were more pronounced in younger MI patients, a finding that became attenuated and nearly disappeared with increasing age. Our data also suggest that the absence of chest pain is associated with increased mortality, especially among younger women with MI, and may explain in part the excess mortality risk in this high-risk group. In fact, younger women presenting without chest pain/discomfort had higher hospital death rates than similarly aged men, but this finding reversed with increasing age.
Previous studies have suggested that women may have a different symptom presentation than men with MI, typically with more nonspecific acute symptoms and fewer "classic" ones. 4, 6 However, many studies lacked standardization for characterizing MI presentation, data collection, and reporting on women's symptoms, making it difficult to provide definitive conclusions or recommendations. 4 In addition, although women are generally older than men when they experience MI, a limited number of studies have had a sufficient population to fully adjust for the effect of age when explaining sex-based differences in clinical presentation. 4 We observed sex differences in presenting symptoms of MI in the current study. Chest pain/discomfort was the most common symptom of MI in both women (58%) and men (69%); however, women, especially those younger than 45 years, were less likely to report chest pain/discomfort. Although there may be true differences in symptom presentation by age and sex, the first step in MI care is recog- PϽ.001 for all comparisons. In these multivariable models, candidate variables for inclusion in the model include demographics, baseline characteristics, cardiovascular risk factors, and medical history ( Table 1) . Separate adjusted models were performed within each age stratum to find the age-stratum-specific odds ratio (OR) for women vs men, and within each age stratum, the reference group was men.
nizing any significant new symptoms and seeking medical care promptly, rather than focusing on simplistic generalizations of MI symptom presentation among women and men.
Our results show that age is an important factor of sex-based differences in MI presentation, which is especially relevant because women are older than men when they present with an acute coronary syndrome. After simultaneous adjusting for age and sex, age may be a more important factor in MI presentation in the absence of chest pain/discomfort. This difference should be confirmed in other studies, ideally a prospectively designed observational investigation that includes careful inquiry into the symptoms associated with MI.
Although MI in women occurs predominantly in older age, previous reports (including one from the NRMI) have shown that MI occurring at a younger age is associated with a substantial risk of mortality in women compared with men, especially those younger than 60 years. 2, 3 In the current study, comorbidity, clinical characteristics, and, to a modest extent, differences in treatments accounted for the majority of excess mortality in MI patients without chest pain/discomfort, which was especially notable in women younger than 55 years. More recently, another NRMI study showed remarkable reductions in hospital mortality after MI during the past decade for both sexes, especially women, possibly in part because of better recognition and management of cardiovascular risk factors in women before acute MI. 7 As a result, the sex gap revealing higher mortality of younger women compared with men, although still present, has substantially decreased. 7 The reasons for sex-based differences in MI symptom presentation observed in our study are largely unknown. It is plausible, or even likely, that the pathophysiology or pathobiology of higher mortality observed in younger women also accounts for the apparent differences in MI symptom presentation in this premenopausal or middle-aged group.
A number of studies support a biological mechanism of sex-based differences in clinical presentation. For example, in the Framingham Heart Study, sex-based differences in initial clinical manifestations of coronary artery disease revealed that women were more likely to manifest with stable or unstable angina, and men were more likely to manifest with MI or sudden cardiac death. [8] [9] [10] Epidemiologic data have indicated that women, on average, are almost a decade older than men at their initial MI [11] [12] [13] [14] and are relatively spared from clinically significant coronary artery disease up to age 75 years, possibly because of the protective effects of estrogen. 8 However, women in whom coronary atherosclerosis develops before age 75 years may be predisposed to a particularly aggressive disease or may have more risk factors for coronary heart disease, which might override the protective effect of estrogen. 2 These findings emphasize that premenopausal or middle-aged women and older women who experience MI may represent a heterogeneous group. Younger women who experience MI may have significantly less narrowing of the coronary arteries than older women or men, [15] [16] [17] possibly because of a hypercoagulable state, inflammation, coronary spasm, or plaque erosion vs rupture.
Other investigators have hypothesized that differences between men and women in coronary artery disease presentation and prognosis may be explained by sex differences in cardiovascular risk factors. [18] [19] [20] For example, the mechanisms of sudden coronary death appear to differ in older women compared with premenopausal or middleaged women, and risk factors may play different roles in these groups of patients. 21 Young women who die from coronary artery thrombosis are often smokers with plaque erosions and relatively little coronary narrowing, whereas older women who die from coronary artery thrombosis often have high cholesterol levels and subsequent plaque rupture, with relatively severe coronary narrowing. Although the pathobiological mechanisms underlying sex-based differences in the descriptive epidemiology of coronary artery disease are intriguing, their relevance in explaining sex differences in symptom presentation with MI remains unclear.
Further research is needed to enhance the current understanding of underlying pathophysiology and potentially sex-tailored health messages to the general public and health care providers to encourage men and women with signs and symptoms of acute coronary syndromes to seek care promptly, with resultant improvements in the care and survival of women. Our results of sexbased differences in MI symptom presentation in younger patients are provocative and should be confirmed by others with clinical databases of MI or acute coronary syndromes. From a public health perspective, it is appropriate to target high-risk groups for delay (young women) with information on the American Heart Association/ National Institutes of Health heart attack message, but until additional research is conducted, the current chest pain/discomfort heart attack symptom message, which targets women and men equally irrespective of age, should remain unchanged.
Our study had several limitations. The NRMI patients and hospitals enrolled may not be representative of all MI patients and hospitals in the United States. The NRMI is an observational study, and our results may be limited by various biases and unmeasured or inadequately measured potential confounders. Patients who died before hospital arrival were not included in our study and do not compromise our overall finding of age and sex differences in acute symptom presentation among those who presented to the hospital. The description of other MI symptoms in the absence of chest pain/discomfort was not identified in our data set. We did not have a cohort of patients without MI with which to compare symptom presentation and thus cannot generalize our findings to all patients with suspected acute coronary syndrome. Ascertainment of symptoms was obtained through medical record review, with a lack of standardization for the collection and recording of these data at participating study hospitals. In addition, the latest universal definition of MI, which was updated in 2007 to include 5 separate MI categories, 22 was not available during the era of NRMI 2 to 5 (1994-2006) . The current report included data from 1994-2006, and the diagnosis and treatment of acute MI have changed substantially during that time.
CONCLUSIONS
Women were more likely than men to present without chest pain and had higher mortality than men, especially among younger age groups, but sex differences in clinical presentation without chest pain and in mortality were attenuated with increasing age. Age is an important factor in examining sex differences in MI presentation and subsequent mortality. Further qualitative and quantitative research is needed to more fully clarify the development of premonitory and acute symptoms of coronary disease in men and women of different ages and the role of these symptoms in patients' care-seeking behavior and treatment practices, as well as in hospital and long-term outcomes.
